Epigenetic control of expression of the human L- and M- pigment genes.
Epigenetics alters gene expression by chromatin modification without changing the sequence of DNA. DNA methylation is an essential signal for epigenetic gene regulation. Methylation of cytosine bases at CpG dinucleotides in DNA results in chromatin condensation resulting in suppression of gene expression. DNA methylation has been shown to play important roles in cell differentiation, genomic imprinting and X-chromosome inactivation. We compared the CpG methylation patterns of the promoters of the L-opsin gene (OPN1LW) and the M-opsin gene (OPN1MW), plus a DNase I hypersensitive (DHS) site located about 8 kb (kilobases) upstream of the OPN1LW gene. Comparisons were made using the human retinoblastoma cell line WERI, which expresses the L and M opsin genes when treated with thyroid hormone (T3), and a lymphoblastoid cell line GM06990 that does not express these genes. The results showed that the great majority of the 14 CpGs located within the proximal 200 bp (base pairs) of each promoter, plus 20 bp of the 5'-untranslated region, were hypo-methylated in WERI-Rb-1 cells, whether or not treated with T3, but almost totally methylated in the lymphoblastoid cell line. Three of the CpGs that are located beyond 200 bp from the transcription start site of OPN1LW were hyper-methylated in both WERI and lymphoblastoid cells. Significant differential methylation was also observed within the DHS region (24 CpGs). This DHS region contains a highly conserved motif that binds CCCTC-binding factor (CTCF), referred to as a 'chromatin insulator or boundary element', that has been shown to regulate gene expression at several genome locations. The results suggest that DNA methylation is likely to contribute to regulation of expression of the L- and M-opsin genes during differentiation, as well as to the retinal L:M cone ratio. In addition, thyroid hormone induction of the opsin genes does not appear to alter DNA methylation.